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Abstract 
Studies revealed that thermal processes are energy intensive and generate excessive waste heat. To reduce energy cost, waste heat can be 
recovered back to the production system or other equipment. This paper proposes a modelling methodology to provide industries with a 
breakdown of their energy use and losses. The model is applied in a case study of a noodle production system. Results showed that only 45% of 
the energy input is used in production. Breakdown of thermal losses revealed that waste heat from the exhaust may have the potential for 
recovery. 
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1. Introduction 
 
With rising energy cost and impacts of their operation to 
the environment, manufacturers need to assess their energy 
consumptions. Of the many manufacturing processes, 
thermal based processes present many energy improvement 
opportunities [1]. However, prior to implementing any 
improvement efforts, plant owners need to know the status 
of their operations’ energy flow. This can be achieved by 
having an overall assessment of their production system.  
Investigation into previous works in the area of plant 
energy assessments have showed the benefits of having an 
assessment based on an energy model. The models 
commonly employs principles of Thermodynamics (Takla, 
Ozilgen), and applied to various industrial processes. With 
the numerous fields of applications, it will be beneficial if 
the similar underlying techniques in conducting a model-
based assessment can be formalized. Previous reports 
generally do not describe the exact methods of building the 
model, and the reasons of implementing certain scientific 
equations; and if they do, it was usually very specific for 
that particular study. For practitioners familiar with energy 
modelling this may not be an issue, but for plant owners 
intending to start their own energy assessment it may be a 
daunting task. Nevertheless, the extraction of principles of 
assessment may be used as a guideline for other industries 
to conduct their own energy study. 
With the motivation to assist enterprises in starting their 
own energy assessment, the work presented in this paper 
proposes a methodology to help companies in assessing 
their energy use. The methodology will provide a 
breakdown of energy flows in the production line, showing 
the location of energy loss hot-spots, and providing 
decision-making support. A case study to observe the 
applicability of the method was conducted in a noodle 
manufacturing plant. Energy modelling is applied to an 
existing production system; the analysis of results showed 
how energy loss from the system affects the surrounding 
environment, and how this loss can be reduced. 
 
2. Quick overview on energy assessment 
 
Energy assessment will provide an understanding of the 
energy usage in the production process. Such analysis is 
commonly carried out in energy intensive industries, 
especially industries with high thermal energy requirement, 
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such as as the pulp and paper, and cement industries. Still, 
this brief review will show how energy assessment is being 
applied to various industries.  
Hong et al [2] conducted an energy assessment of pulp 
and paper industry. They presented the yearly energy 
consumption and savings potential. Focusing on plant-level, 
Khurana et al [3] modeled and analysed the performance of 
a cement plant in terms of its energy flows. An energy 
balance was used to assess the losses and energy usage. 
Using energy and exergy analyses in modelling, Takla et al 
[6] conducted several case studies on a silicon production 
process, and compared it with an ideal-case to find the 
improvement potential. Ozilgen and Sorguven [7] also 
utilised energy and exergy analysis to assess the production 
of vegetable oil, and highlighted how the energy 
consumption affected carbon dioxide emission. In the food 
industry, Murray and Lagrange [8] used theoretical 
calculations in assessing the food industry to allow better 
application of energy saving measures. And finally, Amon 
et al [9] used heat transfer analysis in tomato paste 
processing to observe how energy is used. 
In another perspective, a higher level methodology was 
proposed by Kreitlein et al [5] to evaluate the performance 
of processes, which can then be used for benchmarking. 
Energy efficiency was used as a performance indicator. In a 
similar nature, Tan et al [4] also proposed a benchmarking 
methodology for using various energy metrics. One of the 
metrics uses efficiency based on theoretical requirement. 
From this brief overview, it can be seen that there are 
several similarities in conducting energy assessment, and 
the use of similar metrics for performance comparison. In 
general it can be said that the assessments used fundamental 
scientific principles to develop an energy model, and the 
results showed details of how energy is being used and lost 
in the processes. To describe the performance of a process, 
and enabling comparison, energy efficiency is commonly 
used in analysis. 
To assist companies in assessing their plant 
performance, will be beneficial to introduce a systematic 
methodology that bridges the gap between high-level 
assessment and detailed analysis, guiding companies in the 
steps to be taken. Such methodology will give companies 
an illustration of their current energy condition, and to 
generate preliminary ideas for improvement.  
 
3. The proposed methodology 
 
The methodology features a bottom-up approach. Each 
component of equipment is modeled in terms of its energy 
consuming activities. This way the model may be expanded 
for a line, or plant level, provided there is enough data 
available. The methodology is based on theoretical 
approach using fundamental scientific principles. Compared 
to a metering unit attached to an equipment, the advantage 
of this method is that a detailed energy consumption 
granularity may be achieved. The use of scientific equations 
may also help the assessing team to identify parameters hat 
directly affect energy consumption. As in other modelling 
approach, the proposed methodology relies on accurate data 
inputs. Missing data may hamper the modelling effort; and 
in such cases assumptions on the performance or 
parameters may be taken. Figure 1 presents the overall 
working steps of the methodology, and the subsequent 
paragraphs describe the steps 
 
 
 
Figure 1. Working steps of the methodology 
 
Boundary 
The first step of the methodology is to establish the 
boundary of the study. If the study is to assess only a part of 
a production line, then only the relevant processes and 
equipment are to be included. The main functions of each 
equipment in a process are to be defined, and the material 
and energy flows to each equipment are listed. 
 
Deconstruct equipment 
Breakdown each equipment in terms of its energy 
consuming activities. An equipment may be segregated into 
sub parts that each consumes energy. For example, a water 
heater unit may be consuming energy to heat water; but if 
inside the unit there is a pump to flow the water then it 
should be recognized as a sub part, making the heater unit 
to consist of 2 sub parts; water pumping, and heating. This 
process of deconstruction plays an important role as in this 
step, main energy consuming activities are identified. A 
more detailed deconstruction will provide a better 
granularity of energy consumption. 
 
Model sub-parts 
After identifying the energy consuming activities, it is 
then possible to develop energy balance for each sub part. 
An energy balance is the general equation that shows the 
overall inputs and outputs of energy flows in a sub part. 
This general equation provides a high-level view of the sub-
parts energy situation. From the energy balance, energy 
conversion equations can be assigned on the sub parts. 
These equations calculate the ideal energy required for a 
physical phenomenon to occur, based on input parameters. 
An example of such an equation is the sensible heat 
equation, as presented in equation 1. 
 
 ݍ ൌ ሶ݉ ή ܿ ή ሺ ଶܶ െ ଵܶሻ  (1) 
 
Where q (kW) denotes the heat energy needed to increase 
the temperature of an amount of a substance m (kg/s) from 
temperature T1 to T2 (°C). Parameter c (kJ/kg.°C) refers to 
the specific heat needed to increase the temperature of the 
substance per unit mass of the substance. Energy 
conversion equations such as equation 1 may come from 
various scientific fields. Still, referring to the form of 
equation 1, it will be more desirable if an algebraic form of 
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equation can be used. In conducting an assessment study it 
is safe to say that the assessor will be given a limited time, 
and he or she may not have the complete technical 
background for every process details. Thus, it is prudent to 
have equations that are rooted in scientific background 
while still maintaining accessibility for novices. In this 
manner, a balance between practicality and accuracy may 
be achieved. The assessor does not have to dwell into deep 
scientific analysis while still maintaining reasonable 
precision. 
Other than energy consumption, should there be 
sufficient data, a model of the energy losses may be 
developed as well. Losses in a production machinery may 
come from the frictions between parts, or in the case of 
thermal systems, from heat losses due to temperature 
difference with the surroundings. The modelling of losses 
will provide insights to the location and forms of energy 
losses encountered by the equipment. 
 
Data collection 
Perhaps the most effort-intensive part of the 
methodology, data collection may be done through 
interviews with the equipment operators and production 
supervisors, investigation of design and operation 
parameters, and on-site data sample collection. It is not 
surprising if, at this stage, the assessor found some missing 
data for the model. Thus, assumptions, based on the 
equipment operational condition, may need to be applied to 
the equations. The addition of assumptions may 
significantly modify the equations, and hence the need for 
an iterative process of comparing and correcting the model 
based on available data. 
 
Analysis 
With the collected data, the theoretical energy 
consumption may be immediately calculated. The results 
may be listed down for each equipment and sub parts to 
show the energy balance. If losses were modeled, then it 
should be presented as well. By comparing the calculated 
ideal consumption with the actual energy input, the 
efficiency may be estimated. Ideally, every equipment 
should have a record of its actual energy input; however in 
the event of only a single, overall energy consumption 
figure is available, the energy consumption values may be 
aggregated, and compared with the total input. This 
approach will present the overall energy efficiency, albeit 
some granularity will be lost. 
 
Initiative 
From the results of the analysis, hotspots of energy 
losses may be identified. At this stage, it will be wise if the 
assessor, together with the company’s management and 
operators could sit down and formulate the improvement 
initiatives based on the hotspots of losses. The generated 
ideas may then be further assessed to evaluate its possible 
impacts. Compared to the other process steps, this part is 
less instructive, and requires both creativity and hands-on 
knowledge of the equipment to produce executable plans. 
 
 
 
 
3. Case study 
 
To illustrate the applicability of the proposed 
methodology a case study involving a noodle 
manufacturing company was conducted. Rather than 
presenting fully detailed results; this section aims to give an 
idea of how the whole methodology may be adopted. The 
background of the study will be presented, followed by 
implementation of the methodology, and concluded with a 
presentation of the results and discussion. 
A noodle manufacturing company experiences high 
ambient temperature in their production floor. Records 
showed the temperature could reach around 40°C at its 
peak. This condition presents an unhealthy working 
condition for the operators, and it shows that there are 
considerable heat losses from the system. The proposed 
methodology is used in this study to calculate and locate the 
hotspots of heat losses from the system. Based on 
discussions with the company’s production team, 
improvement efforts may follow after a breakdown of 
energy flows is understood. 
The high ambient temperature took place in a segment 
of the whole noodle manufacturing line, involving the 
operations of the steamer and dryer. The main functions of 
the equipment are to cook the raw noodle (steamer) and 
afterwards the wet, cooked noodle will undergo air-drying 
process in the dryer. At the outlet of the dryer, the noodle 
will be cooled down and packed in another production 
room. Though not directly involved with the noodle 
production process, modelling of the boiler steam supply is 
included as it provides the steam supply which is the main 
heat source to be used by the steamer and dryer. Figure 2 
presents the boundary of the study in the production line. 
 
 
 
Figure 2. Boundary and energy flows of the study 
 
Breaking down the functions of the boiler, steamer, and 
dryer, it was found that the primary function of these 
equipment are to provide heat into the process. Hence, it is 
then possible to define the equipments in terms of their 
energy balance. Using electricity as an input energy the 
boiler generates steam, which will be used in the steamer 
and dryer. The boiler energy balance is presented in 
equation 2. 
 
ݍ௕௢௜௟௘௥ ൌ ݍ௦௧௠ǡ௦௧௘௔௠௘௥ ൅ ݍ௦௧௠ǡௗ௥௬௘௥   (2) 
 
Where qboiler is the energy input to the boiler from 
electricity, qstm,steamer and qstm,dryer is the amount of steam 
(heat energy) going into the steamer and dryer, respectively. 
For the boiler, it is assumed there is negligible energy loss 
as it is properly insulated. From the boiler, the steamer 
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receives the heat to cook the noodle. As several parts of the 
cooking portion are exposed to ambient air, the steamer 
undergoes heat losses. Equation 3 presents the energy 
balance of the steamer. 
 
ݍ௦௧௠ǡ௦௧௘௔௠௘௥ ൌ ݍ௡௢௢ௗ௟௘ǡ௦௧௘௔௠௘௥ ൅ݍ௟௢௦௦ǡ௦௧௘௔௠௘௥  (3) 
 
Where qnoodle,steamer and qloss,steamer are heat energy transferred 
to the noodle and losses to the air, respectively. Parallel 
with the steamer, the dryer also receives heat to dry the 
noodle. In the dryer, noodles are dried using hot air. The 
energy balance for dryer can then be formulated as shown 
in equation 4. 
 
ݍ௦௧௠ǡௗ௥௬௘௥ ൌ ݍ௡௢௢ௗ௟௘ǡௗ௥௬௘௥ ൅ ݍ௟௢௦௦ǡௗ௥௬௘௥  (4) 
 
Where qnoodle,dryer and qloss,dryer are heat used to dry the 
noodle and lost to the air, respectively. During the data 
collection phase, it was found that compared to the steamer, 
the dryer has a more comprehensive operational data. Thus 
a more detailed model on the energy losses from the dryer 
can be developed, as shown in equation 5. 
 
ݍ௟௢௦௦ǡௗ௥௬௘௥ ൌ ݍ௜௡௟௘௧ ൅ ݍ௢௨௧௟௘௧ ൅ ݍ௧௢௣ ൅ ݍ௦௜ௗ௘ ൅ 
ݍ௕௢௧௧௢௠ ൅ ݍ௖௛௜௠௡௘௬ ൅ ݍ௧௥௔௬ (5) 
 
The subscripts refers to losses through the noodle inlet, 
and outlet openings of the dryer, the top, side, and bottom 
walls, the hot air “chimney” (exhaust) duct, and finally the 
tray conveying the noodles. 
In the equipment modelling phase of the study, it was 
found out that the majority of energy conversion processes 
involves sensible heat transfer, which can be calculated 
using the generic form in equation 1. Another form of heat 
transfer used in the processes are latent heat transfer, which 
shows how much energy is needed to change the phase of a 
substance (e.g. drying of water into vapor). Latent heat 
transfer equation is shown in equation 6. 
 
ݍ ൌ ሶ݉ ή ܮ   (6) 
 
Where L (kJ/kg) represents the latent heat of materials, the 
amount of energy needed to change the phase of a unit mass 
of a substance. 
After comprehensive models of the equipment have 
been developed, data were collected to fill in the required 
parameters in the model. Data were collected through 
interviews with the production engineers, and on-site 
observations. The data comes in the form of equipment 
design parameters, and daily operational parameters for 
noodle production. Through the interviews better insights 
on the equipment’s behaviours were found, and thus 
refinement and assumptions need to be applied to the 
models. As mentioned above, equation 6 is an example of 
how a better understanding of the equipment facilitates 
better detail of the model. 
After several rounds of data collection and model 
refinement, the results are obtained. The following sections 
present and discuss the results. 
 
 
4. Results and discussion 
       
4.1. Equipment analysis 
Dryer analysis 
The calculation results of the developed dryer model are 
presented in a visual manner in Figure 3. The figure showed 
how much of the energy input is being used to dry the 
noodles and lost to the environment. 
 
 
Figure 3. Breakdown of energy flow in the dryer 
 
In summary, the total energy supply from the steam is 
1316.033 kW. From this amount, 593.974 kW is used to dry 
the noodles. The dryer employs a “chimney” (exhaust) duct 
to discharge the used hot air from the interior space. The 
hot air flow from this exhaust carries out energy at 333.296 
kW. During the operation of the dryer, a fraction of the 
noodle inlet and outlet openings are exposed to the ambient 
air. This caused hot air from the dryer interior to flow out 
and becomes energy loss. The losses from this inlet and 
outlet are 138.904 kW and 148.517 kW, respectively. The 
top, side walls, and trays of the dryer are also heated up 
during operation, and contribute to a smaller portion of heat 
loss compared to the openings and exhaust. Losses from the 
top, sides, and trays are calculated to be 5.225 kW, 9.919 
kW, and 0.219 kW respectively. Lastly, heat loss from the 
bottom of the dryer reaches 85.978 kW. From these values, 
it is possible to calculate the estimated ambient air 
temperature increase from each source of energy losses. 
The values of energy losses, and the estimated temperature 
increase contribution is presented in Table 1. 
 
Table 1. Summary of energy losses from the dryer 
Source of 
heat loss Value (kW) 
Percentage of 
input (%) 
Temperature 
increase (°C) 
Exhaust 333.296 25.326 
 
0 
(Flows to outside) 
 
Inlet 138.904 10.555 5.449 
Outlet 148.517 11.285 5.826 
Top 5.225 0.397 0.205 
Side walls 9.919 0.754 0.389 
Trays 0.219 0.017 0.009 
Bottom 85.978 6.533 3.373 
Total loss 722.059   
 
Total –  
to room only 
388.544  15.251 
 
From the results presented in Table 1, it can be seen that 
the heat loss from exhaust duct is extracted out of the room, 
and thus it does not contribute to the ambient temperature 
increase. The major source of temperature increase comes 
from the inlet and outlet opening of the dryer. In 
combination, they cause a temperature increase of more 
than 11 °C to the production floor. On the other hand, the 
top, bottom, trays, and sidewalls of the dryer, contribute to 
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less than 4 °C increase. In total, the current heat losses 
contribute to an average increase of around 15 °C to the 
room. Note that this value shows an average, as due to the 
complex geometry of the dryer, the actual ambient air 
temperature distribution may vary across the room. Based 
on the results, to reduce the room ambient temperature 
efforts should be focused on mitigating the heat loss from 
the dryer inlet and outlet openings.  
In terms of energy performance, the total losses amounts 
to 722.059 kW, close to 55% of the energy input. This 
shows that the energy efficiency of the dryer is only around 
45%. Of all the losses, the loss from the exhaust airflow is 
the greatest, reaching 25.326% of the total energy input. 
Hence, to improve the energy efficiency of the dryer 
system, it may be of interest to harness the waste heat 
stream from the exhaust. 
 
Steamer analysis 
Based on collected data on the noodle steaming process, 
the theoretical minimum energy required to cook the noodle 
is calculated to be 319.436 kW. However, the company 
does not have a reliable data on the exact input steam 
amount to the steamer. Energy loss estimation was not 
possible as there is a lack of measurement devices for the 
steamer. At this stage of the study it was decided by the 
company and project team to re-focus the attention to the 
dryer instead. 
Thus, with these current findings, and based on the 
current available data, it is not possible to calculate the 
energy losses and efficiency of the steamer. Nevertheless, 
this deficiency exhibits the limitation of the methodology; 
whereby a detailed energy model and analysis of an 
equipment requires a comprehensive and reliable data. 
 
4.2. Improvement initiatives 
Based on the findings, a discussion to generate 
improvement ideas was held with the company’s 
management and engineers involved in the study. It was 
decided that improvements to the dryer will enhance its 
performance, and at the same time reduces the problem of 
high ambient temperature. An example of the selected idea 
is the improvement of dryer efficiency by recovering the 
heat loss in the dryer exhaust and openings. 
Compared to the heat losses from the dryer walls, the 
heat losses from the openings and chimney exist in the form 
of continuous airflows. Technically, these airflows may be 
directed to, and have their heat content extracted by a 
system of heat exchangers. The recovered heat may then be 
used in other processes, namely preheating the boiler water; 
and thus providing energy savings in steam production. 
In exploring the possibility of recovering waste heat, it 
is assumed that the waste heat stream is generated 7 hours a 
day, for 20 days a month. This assumption is in line with 
the actual operating condition of the dryer. Previous studies 
showed that heat exchanger systems may experience 15% 
of energy losses [10]. In this study a conservative approach 
was taken; a higher loss for the recovery system was 
anticipated. Thus it was assumed that the heat exchanger 
may extract 75% of the waste heat energy stream.  
Table 2 presents the outcome of the analysis. The waste 
heat stream comes from the dryer inlet, outlet, and exhaust 
duct. The total extracted heat flowing in these streams 
amounts to around 620 kW. At an electricity cost of S$ 
0.3/kWh, this results in an energy cost savings of more than 
S$19,000 per month (approximately US$13,300).  
 
Table 2. Potential savings from extracting waste heat in 
airflows  
Parameter Value Unit 
Waste heat stream  
(chimney, inlet, outlet) 
620.717 kW 
Operation 7 hours/day 20 days/month 
Utilization efficiency 75 % 
Electricity cost 0.3 S$/kWh 
Total savings 19552.9 S$/month 
 
In terms of performance improvement, the recovery of 
waste heat will increase the useful output from the dryer, 
and thus improving the overall efficiency. Based on the 
analysis, 465.538 kW of heat can be recovered. Together 
with the energy use to dry the noodle, the dryer efficiency 
will be improved to close to 80%. 
 
4.3. Discussion 
From the results it can be seen that the methodology 
does relatively well in providing a guidance to the overall 
study. Detailed insights were obtained from data collection, 
and resulted in the refinement of models. Models can be 
developed in a rapid manner due to the similarity of the 
equipment operations. Losses were also modeled in the 
study, as heat losses poses reasonably similar calculation 
techniques with thermal processes. 
The developed models provided a breakdown of energy 
flows in the dryer, showing the location of major heat 
losses. From this analysis, the efficiency, and causes of 
room temperature increase were able to be estimated. 
However, lack of data becomes the main weakness of the 
proposed methodology, as exhibited by the analysis of the 
steamer. Still, for the company in the case study this 
highlights the importance of having a reliable data to 
understand their present energy situation.  
In this study, improvement initiatives may include the 
use of heat exchangers to recover waste heat. Not only 
improving efficiency, reduction of heat losses will bring 
down the ambient room temperature; which is the original 
motivation of the case study. Thus from this fact it can be 
seen that enhancing energy performance will also bring 
other benefits to the company, which in this case is the 
improved comfort and health of the working condition. 
Waste heat recovery enables the company to be more 
effective in their energy usage, leading to operational 
savings. Still, this initiative requires additional equipment to 
be installed; and thus a feasibility study will be required. 
 
5. Conclusions 
 
A methodology to help companies in starting their 
energy assessment study has been developed. The core of 
the methodology relies on the utilization of scientific 
equations to estimate energy consumption and losses of 
equipments. The methodology is applied on a case study 
involving noodle manufacturing equipment. It was found 
that the methodology does well if sufficient data is 
available. With regards to the case study, the methodology 
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seemed to be well applicable for thermal-based equipment. 
Still, it may be beneficial to further test the methodology on 
other production systems. Currently the methodology gives 
a generic guidance in proposing improvement initiatives. In 
the future, the methodology may be further expanded to 
include techniques to generate, and classify improvement 
methods. 
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